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Abstract 

Background:  Mild cognitive impairment (MCI) is a kind of non-functional cognitive decline between normal aging 
and dementia. With the increase of individual age, the quality of cognitive function has become a more and more 
important topic. The study of gene loci in patients with MCI is essential for the prevention of dementia. In this study, 
we evaluate the gene polymorphism in Chinese Han patients with MCI by propensity score matching (PSM) and com-
paring them to healthy control (HC) subjects.

Methods:  Four hundred seventeen patients with mild cognitive impairment and 508 healthy people were included. 
The two groups were matched by applying one-to-one PSM, and the matching tolerance was set to 0.002. The 
matching covariates included gender,age,occupation,marital status,living mode. Then, a case-control associated 
analysis was conducted to analyze the genotype and allele frequencies of single nucleotide polymorphisms (SNPs) in 
the MCI group and the control group.

Results:  Three hundred eleven cases were successfully matched in each group, and there was no statistical differ-
ence on all the matching variables, gender, age, occupation, marital status, living mode between two groups after the 
match (P > 0.05). The allele frequency of bridging integrator 1(BIN1) rs7561528 showed minimal association with MCI 
in the Han Chinese population (P = 0.01). Compared with the healthy control (HC) group, A allele frequency of MCI 
group patients was significantly decreased. The genotype frequency of BIN1 rs6733839 showed minimal association 
with MCI in the recessive model (P = 0.03). The genotype frequency of rs7561528 showed minimal association with 
MCI in the codominant, dominant, overdominant, and log-additive model (P < 0.05). The genotype frequencies of 
StAR-related lipid transfer domain 6 (STARD6) rs10164112 showed nominal association with MCI in the codominant, 
dominant, and log-additive model (P < 0.05). Unfortunately, the significant differences did not survive Benjamini-
Hochberg false discovery rate correction (adjusted P > 0.05). The patients with SPI1 rs1057233 may be the protective 
factor of MCI (OR = 0.733, 95%CI 0.625–0.859, P < 0.001), and patients with APOE rs10164112 may be a risk factor for 
MCI (OR = 1.323, 95%CI 1.023–1.711, P = 0.033).
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Introduction
Mild cognitive impairment (MCI) is a cognitive impair-
ment mode between normal aging and dementia, which 
is characteristics of cognitive or some mild memory 
impairment [1]. In general, MCI patients can perform 
activities of daily living (ADLs) [2]. MCI could be a risk 
factor for Alzheimer’s disease (AD), Parkinson’s dis-
ease, dementia with Lewy bodies, and vascular cogni-
tive impairment. The incidence of AD in MCI is 10 times 
higher than that in normal subjects. The clinical inci-
dence of MCI ranges from 6 to 85%. On average, 10% of 
patients turn to dementia every year, and the incidence 
of dementia rises to 80 to 90% after 6 years [3]. MCI 
includes three subtypes: amnestic MCI (a-MCI), single-
domain non-memory MCI (sd-MCI), and multiple-
domain slightly impaired MCI (md-MCI) [4]. MCI is now 
considered to be a multifactorial disease, with the type 
of occupation, blood glucose levels, and hypertension 
all being associated with the development of MCI [5]. 
Among them, genetics is the most important influencing 
factor of MCI and also AD. Therefore, it is important to 
investigate the pathogenesis and etiology of MCI for the 
early diagnosis and treatment of AD.

Some genetic changes may contribute to dementia in 
some older people. Bridging Integrator Protein-1 (BIN1) 
gene, located on chromosome 2, is a member of the BAR 
family and participates in physiological processes such as 
cell endocytosis and actin activation [6]. In recent years, 
with the progress of molecular biology, Harold et al. pro-
posed that the BIN1 gene may be the pathogenic gene of 
AD. Some studies confirmed that the polymorphism of 
different BIN1 loci genes is related to the pathogenesis of 
AD [7–9].

SPI1 (Recombinant Human Spi-1 Proto-Oncogene) 
encodes PU.1, a transcription factor that occupied a 
major position in myeloid cells’ development and func-
tion. The heritability of AD was abundant in the PU.1 cis-
trome, suggesting the presence of a myeloid PU.1 target 
gene network in AD. Huang et  al. [10] that experimen-
tally altered PU.1 levels were related to various biologi-
cal processes such as the expression of multiple genes 
in myeloid cells and mouse microglial cells’ phagocytic 
activity. Besides, it was previously reported that the 
delayed onset of AD and the decreased expression of 
SPI1 in monocytes and macrophages were associated 

with the minor allele of rs1057233 (G). The above results 
suggest that the downregulation of SPI1 expression may 
reduce AD’s risk by adjusting gene expression and func-
tion in myeloid cells.

The Apolipoprotein E (APOE) is the main one of the 
apolipoproteins in plasma and is also involved in the 
nervous system’s growth and repair. Several studies have 
confirmed that the APOE gene is related to the incidence 
of AD and MCI, but the abnormal risk accounts for only 
20%, suggesting that other genes are involved in the 
pathogenesis of AD [11, 12]. Furthermore, the combina-
tion of steroidogenic acute regulatory-related lipid trans-
fer domain 6 (STARD6) rs10164112-T allele and APOE ε 
4 allele raised the risk of developing AD [13]. However, 
the frequency of the rs10164112-T allele was signifi-
cantly lower in the Korean population with AD than in 
the healthy population [14]. At present, there is no study 
to evaluate the status of rs10164112 in the Chinese Han 
population with MCI, while the relationship between 
single nucleotide polymorphisms (SNPs) and MCI is not 
clear.

Therefore, to better understand the relationship 
between these genes, we conducted a study that exam-
ined the distribution of SNPsof BIN1, STARD6, RIN3, 
APOE, PICALM, SPI1, BZRAP1-AS, PFDN1/HBEGF, 
TMP21, MTHFR, TMEM106B, MC1R, CENPO, PVRL2 
and KL genes to reveal the correlation between the poly-
morphisms and AD risk.

Materials and methods
Subjects
We performed a multicentric and prospective study. This 
study included 417 MCI patients and 508 healthy con-
trols (HC) who were recruited between 2018 and 2020, 
who were all Han nationality over 50 years old in Wuxi 
City, Jiangsu Province, and its surrounding counties and 
communities. According to the revised Peterson crite-
ria, MCI patients were diagnosed [15]. The subjects in 
the HC group must in keeping with the following con-
ditions: illiteracy > 17 in the MMSE score scale, primary 
school > 20 points, junior high school, and above > 22, the 
CDR = 0 [16]. Each case meets the above diagnostic cri-
teria. The clinical diagnosis was verified by a senior asso-
ciate professor of psychiatry who had experience in using 
Structured Clinical Interview for DSM-IV.

Conclusions:  The polymorphisms of rs7561528, rs6733839 loci in the BIN1 gene, and rs1057233 loci in the SPI1 gene 
may be associated with the MCI in Chinese Han population. APOE gene was the risk factor of MCI, but further verifica-
tion in a large sample population is still needed.

Keywords:  Propensity score matching (PSM), Alzheimer disease (AD), Mild cognitive impairment (MCI), 
Polymorphisms
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The exclusion criteria were as follows: 1) People under 
the age of 50; 2) those with symptoms of psychosis or 
congenital mental retardation, history of head injury, 
severe endocrine diseases, severe cardiopulmonary, 
severe infectious diseases; 3) those who abuse alcohol or 
other substances. After a detailed description to the sub-
jects or their representatives, written informed consents 
were obtained. In addition, the data on general demo-
graphics, such as age, sex, lifestyle, marital status, and 
occupation, were also surveyed.

SNPs selection
Firstly, we selected SNPs in the public HapMap database 
(ftp://​ftp.​ncbi.​nlm.​nih.​gov/​hapmap/). The criterion for 
selecting SNPs is that the minor allele frequency (MAF) 
≥0.05 and r2 ≥ 0.8 in Beijing’s Han Chinese popula-
tion (HCB). We selected eighteen SNPs for genotyping 
were screened out for analysis, specific information for 
each gene is given in Table  5 in Supplementary Mate-
rial. Genes such as RIN3 and were selected due to their 
strong association with AD [17, 18]. We expect to find a 
link between these genes and MCI in Han Chinese popu-
lations as well.

Genotyping
All participants fasted for at least 8 h prior to blood col-
lection. Each participant collected about 5 ml of periph-
eral blood in ethylenediamine tetraacetic acid (EDTA). 
Tiangen DNA isolation kit was used to extract genomic 
DNA from venous blood. The selected SNPs were gen-
otyped by TaqMan SNP Genotyping Assay and ABI 
PRISM 7900 sequence detection system equipped with 
SDS2.1 software. In order to quality monitoring, a blind 
method was used to perform genotype analysis on partic-
ipants’ status. Ten percent of the samples were genotyped 
once more, showed a coincidence rate of 99.2%. Two 
independent researchers scored the genotype data dou-
bly. Deviation from the expectation of Hardy-Weinberg 
equilibrium (HWE) was evaluated in this queue.

Propensity score matching (PSM)
Rubin and Rosenbaum first proposed PSM in 1983 to 
eliminate the impact of confounding factors on the ret-
rospective study results [18]. Propensity score matching 
used R (version 3.6.0) for 1: 1 matching and graph pro-
cessing, and the matching tolerance is 0.002. Matching 
variables include gender, age, occupation, marriage, liv-
ing mode.

Statistical analysis
We assessed HWE, the genotype frequency measure-
ments and the allele frequency with SHEsis software 
(http://​analy​sis.​bio-x.​cn/​myAna​lysis.​php). We apply the 

Benjamini-Hochberg false discovery rate correction to 
account for multiple tests. SNPStats (https://​www.​snpst​
ats.​net/​start.​htm) was mainly used to assess the con-
nection between SNPs and MCI risk under five genetic 
models (including dominant, dominant, recessive, domi-
nant and logarithmic additive models). Then, a Logistic 
regression analysis was performed with SPSS 24.0.

Results
General demographic and characteristics after propensity 
score matching
A total of 925 eligible subjects were asked to participate. 
We included 311 pairs of data by propensity score match-
ing analysis. A total of 311 healthy controls (HC) were 
enrolled, including 168 females. The average age was 
66.05 ± 6.21 years (Table 1). MCI patients mean age was 
66.08 ± 6.91 years, includes 163 females and 148 males. 
Statistically significant differences with regard to age and 
occupation before PSM between patients and controls. 
Therefore, we adjusted these differences with propensity 
score matching. Results of propensity score-matched 
analyses are displayed in Table  1. After PSM, there was 
no significant difference in the clinical characteristics of 
the two groups.

Gene polymorphisms of APOE
No significant association was observed for the distribu-
tion of APOE gene subtypes ε2/2, ε2/3, ε2/4, ε3/3, ε3/4, 
ε4/4, and their alleles ε2, ε3, ε4 between the two groups 
(P > 0.05, Table 1).

The distribution difference of genotype and allele 
frequencies between MCI group and HC group on different 
genes
Except for RIN3 rs10498633, MTHFR rs1801133, 
MC1R rs2228479, PVRL2 rs6859, and APOE rs7412, the 
remaining SNP genotypes of both groups were in HWE 
(Table  2). The analysis showed that rs7561528 alleles 
frequency in BIN1 differs between MCI patients and 
controls (χ 2 = 6.39, p = 0.01). The A allele frequency 
was 58 (9.6%) in the MCI group and 86 (14.3%) in the 
healthy control (HC) group. The distribution frequencies 
of AA, AG, and GG genotypes at rs7561528 loci in the 
MCI group were 5 (1.7%), 48 (15.8%), and 250 (82.5%), 
respectively. In HC group, they were 7 (2.3%), 72 (23.9%) 
and 222 (73.8%), respectively. When we compared the 
three genotypes’ distribution frequency between these 
two groups, we find a significant difference (χ 2 = 6.79, 
P = 0.03). Moreover, the T allele frequency at rs10164112 
polymorphism in STARD6 was higher in MCI cases than 
in controls, and the difference was statistically significant 
(χ2 = 5.30, P = 0.02). However, no difference remains sig-
nificant after Benjamini-Hochberg’s false discovery rate 

ftp://ftp.ncbi.nlm.nih.gov/hapmap/
http://analysis.bio-x.cn/myAnalysis.php
https://www.snpstats.net/start.htm
https://www.snpstats.net/start.htm
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correction (adjusted P > 0.05). Comparing genotype and 
allele frequencies remaining of the SNPs across the over-
all sample of MCI patients and controls showed no sig-
nificant differences. Specific information on each SNP is 
given in Table 5 in the Supplementary Material.

Under five-inheritance models, the age and sex fac-
tors of MCI patients and controls were analyzed by 
unconditional Logistic regression. In the recessive 
model, there was a minimal association between the 
genotype frequency of BIN1 gene rs6733839 and MCI. 
(CC-CT vs. TT). Similarly, the genotype frequency of 
BIN1 rs7561528, the distribution frequencies of the 
codominant model (GG vs. AG), dominant model (GG 
vs. AG-AA), overdominant model (GG-AA vs. AG), and 
there was a nominally significant difference between the 
two groups with respect to log-additive model (P < 0.05, 
Table 3). As for the APOE rs10164112 polymorphism, the 
genotype frequencies showed a nominal association with 
MCI in the dominant model (CC vs. CT-TT), codomi-
nant model (CC vs. TT), log-additive model. However, 
when applying Benjamini-Hochberg to correct the false 

discovery rate, the association is not significant (P > 0.05 
after correction).

Forest map of the effect of gene polymorphism on MCI
The results of binary logistic regression are shown in 
Table  4 and Additional file  2: Fig.  1. Rs1057233 in SPI1 
was the protective factor for MCI (OR = 0.742, 95%CI 
0.633–0.868, P < 0.001) and rs10164112 in STARD6 was 
the risk factor for MCI (OR = 1.310, 95%CI 1.013–1.694, 
P = 0.040). In our study, the presence or absence of car-
rying APOEε4 was not statistically associated with the 
occurrence of MCI (P > 0.05).

Discussion
The bridging integrator 1 (BIN1), also known as amphib-
ian protein 2. It has been reported that its expression level 
in the brain tissue of patients with AD is increased [19] 
and is significantly related to the number of the pathol-
ogy of neurofibrillary tangle (NFT) [20]. BIN1 is a major 
risk factor for late-onset AD (LOAD) [21]. BIN1 levels in 
patients with sporadic AD decreased by 87% compared 

Table 1  Baseline comparison of influencing factors before and after PSM

*P < 0.05

Before PSM After PSM

MCI(n = 417) HC(n = 508) P SMD MCI(n = 311) HC(n = 311) P SMD

Gender-Female (%) 237(56.8) 260(51.2) 0.09 0.11 163(52.4) 168(54.0) 0.75 0.03

Age 67.06 ± 7.28 65.76 ± 6.26 0.004* 0.19 66.08 ± 6.91 66.05 ± 6.21 0.95 0.005

Occupation(%) < 0.001* 0.68 0.94 0.07

Clerk 19(4.6) 67(13.2) 19(6.1) 16(5.1)

Craftsman 255(61.2) 308(60.6) 225(72.3) 233(74.9)

Farmers or unemployed 107(25.7) 33(6.5) 33(10.6) 30(9.6)

Technical personnel 29(7.0) 66(13.0) 27(8.7) 24(7.7)

Other occupations 7(1.7) 34(6.7) 7(2.3) 8(2.6)

Marriage - having a spouse (%) 368(88.2) 465(91.5) 0.12 0.11 281(90.4) 283(91.0) 0.89 0.02

Living mode (%) 0.74 0.05 0.92 0.03

Live alone 20(4.8) 23(4.5) 14(4.5) 14(4.5)

Live with spouse 230(55.2) 293(57.7) 171(55.0) 176(56.6)

Live with posterity 167(40.0) 192(37.8) 126(40.5) 121(38.9)

APOE genotype χ2 P χ2 P

5.63 0.34 5.84 0.32

ε2/2 4(1.0) 6(1.3) 4(1.4) 5(1.7)

ε2/3 54(13.9) 54(11.6) 42(14.6) 36(12.4)

ε2/4 5(1.3) 6(1.3) 2(0.7) 4(1.4)

ε3/3 265(68.5) 321(68.7) 197(68.4) 193(66.6)

ε3/4 56(14.5) 80(17.1) 40(13.9) 52(17.9)

ε4/4 3(0.8) 0(0.0) 3(1.0) 0(0.0)

APOE allele 0.62 0.73 0.65 0.72

ε2 67(8.7) 72(7.7) 52(9.0) 50(8.6)

ε3 640(82.7) 776(83.1) 476(82.6) 474(81.7)

ε4 67(8.7) 86(9.2) 48(8.3) 56(9.7)
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Table 3  Logistic regression analysis of SNPs

SNP Inheritance 
model

OR (95%CI) Pf

rs6733839 Codominanta CC vs CT 0.96(0.65–1.40) 0.10

CC vs TT 0.62(0.38–1.00)

Dominantb CC vs CT-TT 0.84(0.59–1.20) 0.35

Recessivec CC-CT vs TT 0.64(0.42–0.96) 0.03f

Overdominantd CC-TT vs CT 1.15(0.83–1.60) 0.40

Log-additivee 0.80(0.64–1.02) 0.07

rs10164112 Codominant CC vs CT 1.33(0.96–1.85) 0.05f

CC vs TT 2.04(1.02–4.10)

Dominant CC vs CT-TT 1.41(1.02–1.93) 0.04f

Recessive CC-CT vs TT 1.79(0.91–3.54) 0.09

Overdominant CC-TT vs CT 1.24(0.90–1.70) 0.19

Log-additive 1.38(1.06–1.79) 0.02f

rs10498633 Codominant GG vs TG 1.46(0.97–2.20) 0.10

GG vs TT 0.53(0.16–1.79)

Dominant GG vs TG-TT 1.33(0.90–1.97) 0.15

Recessive GG-TG vs TT 0.50(0.15–1.66) 0.24

Overdominant GG-TT vs TG 1.48(0.98–2.23) 0.06

Log-additive 1.17(0.83–1.65) 0.37

rs10792832 Codominant GG vs AG 1.03(0.72–1.46) 0.63

GG vs AA 0.83(0.51–1.34)

Dominant GG vs AG-AA 0.98(0.70–1.37) 0.89

Recessive GG-AG vs AA 0.81(0.53–1.25) 0.35

Overdominant GG-AA vs AG 1.09(0.80–1.50) 0.57

Log-additive 0.93(0.74–1.17) 0.55

rs11168036 Codominant GG vs TG 1.11(0.78–1.58) 0.78

GG vs TT 1.16(0.73–1.85)

Dominant GG vs TG-TT 1.12(0.80–1.57) 0.50

Recessive GG-TG vs TT 1.09(0.72–1.65) 0.69

Overdominant GG-TT vs TG 1.05(0.77–1.45) 0.74

Log-additive 1.08(0.86–1.36) 0.50

rs12435391 Codominant GG vs AG 1.28(0.89–1.84) 0.41

GG vs AA 1.08(0.47–2.45)

Dominant GG vs AG-AA 1.25(0.89–1.77) 0.20

Recessive GG-AG vs AA 1.00(0.44–2.28) 0.99

Overdominant GG-AA vs AG 1.27(0.89–1.83) 0.19

Log-additive 1.17(0.88–1.56) 0.29

rs1801133 Codominant CC vs CT 0.93(0.65–1.32) 0.34

CC vs TT 1.32(0.79–2.21)

Dominant CC vs CT-TT 1.00(0.71–1.40) 0.98

Recessive CC-CT vs TT 1.39(0.87–2.20) 0.16

Overdominant CC-TT vs CT 0.85(0.62–1.17) 0.32

Log-additive 1.09(0.86–1.39) 0.47

rs1990622 Codominant CC vs CT 0.95(0.68–1.33) 0.92

CC vs TT1.06 1.06(0.60–1.85)

Dominant CC vs CT-TT 0.97(0.71–1.33) 0.85

Recessive CC-CT vs TT 1.08(0.63–1.85) 0.77

Overdominant CC-TT vs CT 0.94(0.69–1.30) 0.71

Log-additive 1.00(0.78–1.27) 0.99

rs2228479 Codominant GG vs AG 1.00(0.71–1.40) 0.55

Table 3  (continued)

SNP Inheritance 
model

OR (95%CI) Pf

GG vs AA 1.48(0.72–3.02)

Dominant GG vs AG-AA 1.05(0.76–1.46) 0.75

Recessive GG-AG vs AA 1.48(0.73–2.99) 0.27

Overdominant GG-AA vs AG 0.97(0.69–1.35) 0.84

Log-additive 1.10(0.84–1.43) 0.50

rs2632516 Codominant GG vs CG 0.97(0.67–1.40) 0.61

GG vs CC 0.80(0.50–1.28)

Dominant GG vs CG-CC 0.92(0.64–1.31) 0.64

Recessive GG-CG vs CC 0.82(0.55–1.22) 0.32

Overdominant GG-CC vs CG 1.06(0.77–1.46) 0.72

Log-additive 0.90(0.71–1.14) 0.38

rs6669072 Codominant CC vs CT 0.92(0.65–1.29) 0.80

CC vs TT 1.17(0.51–2.68)

Dominant CC vs CT-TT 0.94(0.68–1.31) 0.72

Recessive CC-CT vs TT 1.20(0.53–2.74) 0.66

Overdominant CC-TT vs CT 0.91(0.65–1.28) 0.58

Log-additive 0.98(0.74–1.30) 0.88

rs6859 Codominant GG vs AG 0.86(0.62–1.20) 0.48

GG vs AA 1.19(0.66–2.13)

Dominant GG vs AG-AA 0.91(0.66–1.25) 0.56

Recessive GG-AG vs AA 1.28(0.73–2.24) 0.39

Overdominant GG-AA vs AG 0.84(0.61–1.15) 0.28

Log-additive 0.99(0.77–1.27) 0.93

rs7561528 Codominant GG vs AG 0.59(0.39–0.88) 0.03f

GG vs AA 0.65(0.20–2.08)

Dominant GG vs AG-AA 0.59(0.40–0.88) 0.01f

Recessive GG-AG vs AA 0.71(0.22–2.29) 0.57

Overdominant GG-AA vs AG 0.59(0.39–0.89) 0.01f

Log-additive 0.65(0.46–0.92) 0.01f

rs7920721 Codominant AA vs AG 0.81(0.58–1.13) 0.44

AA vs GG 0.98(0.50–1.94)

Dominant AA vs AG-GG 0.83(0.60–1.14) 0.25

Recessive AA-AG vs GG 1.07(0.55–2.09) 0.84

Overdominant AA-GG vs AG 0.81(0.58–2.09) 0.20

Log-additive 0.89(0.69–1.16) 0.39

rs9536314 TT vs TG 1.01(0.14–7.27) 0.99

rs1057233 Codominant TT vs CT 1.17(0.81–1.67) 0.63

TT vs CC 1.24(0.68–2.27)

Dominant TT vs CT-CC 1.18(0.84–1.66) 0.34

Recessive TT-CT vs CC 1.16(0.65–2.07) 0.63

Overdominant TT-CC vs CT 1.13(0.80–1.59) 0.50

Log-additive 1.13(0.87–1.47) 0.35

rs429358 Codominant TT vs CT 0.74(0.48–1.14) 0.23

TT vs CC 2.80(0.29–27.31)

Dominant TT vs CT-CC 0.77(0.51–1.18) 0.24

Recessive TT-CT vs CC 2.96(0.30–28.90) 0.32

Overdominant TT-CC vs CT 0.73(0.47–1.13) 0.16

Log-additive 0.83(0.55–1.24) 0.36

rs7412 Codominant CC vs CT 1.21(0.75–1.95) 0.51
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with those in the non-dementia control group [22]. In 
addition, BIN1 protein plays a regulatory role in endocy-
tosis, transport, immune system, calcium transient, and 
apoptosis [6]. BIN1 might be involved in the pathogenesis 
of AD in several ways, but the exact role is not clear. Since 
BIN1 affects the endocytosis pathway and intracellular 
transport mediated by Clathrin [23], it is speculated that 
it may be involved in the occurrence and development of 
AD through amyloid precursor proteins (APP) and APOE 
[6]. In addition, the interaction between BIN1 and tau 
protein was confirmed in both in vivo and in vitro models. 
It is speculated that BIN1 may be related to tau’s forma-
tion, the main pathological change of AD [8, 24].

There is evidence that BIN1 was related to episodic 
memory performance (in the context of genotyping pat-
terns that involve binding to additional AD genes) [25]. 
Raj et al. was found that the expression level of BIN1 was 
affected by the BIN1 rs7561528 locus [26]. This polymor-
phic genotype was also closely related to right hippocam-
pal atrophy [27]. Harold et al. Large-scale GWAS analysis 
of Caucasian AD patients found three BIN1 SNPs, includ-
ing BIN1 rs7561528, were significantly associated with AD 

[28]. This is also confirmed by another large-scale GWAS 
[29]. Significant association between LOAD and rs7561528 
polymorphism in Han Chinese population [30]. Similar 
results were obtained by a Meta-analysis of the relationship 
between AD in East Asians and Caucasians. Rs7561528 
A-allele carriers possibly as a protective factor of AD sus-
ceptibility in all genetic patterns in mixed populations and 
allele and dominance patterns in East Asian populations, 
and individuals with A/G heterozygote genotype in these 
two populations are not susceptible to AD [31]. Previous 
studies have confirmed the association between APOE ε4 
carriers and rs7561528 [32]. Meanwhile, a meta-analysis of 
74,046 participants found that BIN1 rs6733839 SNP was 
related to AD [33]. Greenbaum et  al. observed an asso-
ciation between well-established AD susceptibility SNP 
rs6733839 and episodic memory, and it can an important 
genetic risk factor for MCI among elderly individuals [34]. 
Based on the above studies, we have reason to believe that 
rs6733839 and rs7561528 gene polymorphism occupy a 
vital position in the pathogenesis of MCI by affecting the 
expression of BIN1. Our research found that two SNPs 
(rs6733839 and rs7561528) may be related to the pathogen-
esis of MCI among the elderly after using the one-to-one 
propensity score matching to reduce the hybrid effect. At 
present, the research on the role of BIN1 in AD is still in 
its infancy, which can understand the biological mecha-
nism of cognitive decline and provide a new opportunity 
to find treatment sites. Additional functional genetic and 
independent replication analyses are necessary to elucidate 
these association epidemiological correlations.

After phagocytosis of amyloid-beta (Aβ), microglia 
initiate the activation of NALP3 inflammatory bod-
ies and then activate caspase-1, which leads to the 
release of interleukin 1β (IL-1β) and promotes the 
occurrence of the inflammatory response [35]. NLRP3 
inflammatory bodies are activated in AD, MCI brain, 
and APPPS1 mice. This activation may use substrates 
other than IL-1β to reduce Aβ phagocytosis and lead 
to Aβ deposition. Therefore, NLRP3 and Caspase-1 
gene deletions can interfere with AD’s progression 
and improve cognitive function by blocking the for-
mation of NLRP3/Caspase--1 inflammatory body [36]. 

Table 3  (continued)

SNP Inheritance 
model

OR (95%CI) Pf

CC vs TT 0.66(0.23–1.88)

Dominant CC vs CT-TT 1.10(0.71–1.71) 0.67

Recessive CC-CT vs TT 0.64(0.22–1.83) 0.40

Overdominant CC-TT vs CT 1.23(0.76–1.98) 0.40

Log-additive 1.01(0.71–1.45) 0.96

CI confidence interval, OR odds ratio
a  Codominant: major allele homozygotes vs. heterozygotes
b  Dominant: major allele homozygotes vs. heterozygotes + minor allele 
homozygotes
c  Recessive: major allele homozygotes + heterozygotes vs. minor allele 
homozygotes
d  Overdominant: major allele homozygotes + minor allele homozygotes vs. 
heterozygotes
e  Log-additive: major allele homozygotes vs. heterozygotes vs. minor allele 
homozygotes
f  After Benjamini-Hochberg false discovery rate correction, P > 0.05

Table 4  Multiple logistic regression analysis of mild cognitive impairment

*P < 0.05

B S.E. Wald df P Exp(B) 95%C.I.for EXP(B)

Lower Upper

STARD6 rs10164112 0.270 0.131 4.235 1 0.040* 1.310 1.013 1.694

SPI1
rs1057233

− 0.299 0.081 13.796 1 < 0.001* 0.742 0.633 0.868

APOEε4 −0.192 0.228 0.709 1 0.400 0.826 0.529 1.290
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The transcriptome and proteome analysis of microglia 
indicates that microglia homeostasis characteristics 
will be disturbed during aging and pathological state 
[37]. As a transcription factor, SPI1 directly regulates 
other AD-related genes expressed in myeloid cells such 
as microglia. SPI1 may amplify the genetic variation of 
other AD-related myeloid genes and regulate neuro-
protective or neurotoxic microglial phenotype equilib-
rium. Huang et  al. found that SPI1 rs1057233 and its 
labeled SNPs may regulate AD risk through changes in 
SPI1 expression and may represent potential disease 
sites [10]. Notably, rs1057233 was previously found to 
be associated with systemic lupus erythematosus [38], 
body mass index [39], and proinsulin levels [40], indi-
cating that it may be involved in the link between AD, 
MCI, immune cell dysfunction, obesity, and diabetes.

New research suggests that neurosteroids such as 
diethylstilbestrol may be a new treatment for AD, indi-
cating that lipid metabolism occupied a significant 
position in AD [41, 42]. Some studies have found that 
the behavior of STARD6 is similar to the steroidogenic 
acute regulatory protein (StAR), which controls the 
rate-limiting step of neurosteroid synthesis [35, 43].

Furthermore, STARD6 appeared in the hippocam-
pus formation in rats, and its level was increased after 
pilocarpine-induced hippocampal neuron injury of 
rats [44]. The multivariate logistic regression model 
showed that STARD6 rs10164112 was significantly 
related to AD in the Korean population [14]. Yin et al. 
found that the rs10164112-T allele combined with the 
APOEε4 allele, resulting in an increased danger of AD 
[45]. Although the functional contribution of STARD6 
in MCI is unknown, considering its role in AD, it may 
be involved in the pathogenesis of MCI. We found that 
the T allele of rs10164112 polymorphism was associ-
ated with a higher risk of MCI. The logistic regression 
model showed that the correlation was also significant 
in the total sample. Thus, it is possible to suggest that 
STARD6 participates in the pathogenesis of MCI.

At present, some researchers have reported that APOE 
ε4 may be a risk element for AD, and APOE ε2 may be 
a protective factor for AD [46–48]. However, our study 
showed that there was no difference in the subtypes 
of ε2/2, ε2/3, ε2/4, ε3/3, ε3/4, ε4/4, and alleles ε 2, ε 3, 
ε 4 of APOE gene between the two groups, which may 
be related to the fact that populations from different 
regions may have genetic heterogeneity of MCI.

Conclusion
In summary, the present study demonstrated that SPI1 
and BIN1 variation may be the potential targets for MCI 
treatment and supported that STARD6 contributes to the 
risk of MCI. These results are helpful to understand the 

relationship among the pathogenesis, clinical diagnosis, 
and the SNPs of MCI in the Han population of southeast-
ern China and provide directions for future research.

Limitations
Several limitations of this study should be taken into con-
sideration and discussed. Firstly, this is a cross-sectional 
study, so it didn’t consider the order of exposure and the 
timing of outcome and the causal relationship between 
exposure and outcome. Secondly, it is worth noting that 
age and occupation were significant differences between 
the MCI patients’ controls before PSM. Our study elimi-
nated these variables to reflect the role of genes, but previ-
ous studies have confirmed the influence of age and gender 
on MCI. As a disease affected by many factors, other varia-
bles such as marriage, nutritional and mental status should 
be added when collecting clinical data of MCI. Some other 
genes, such as rs744373 in BIN1, were also found to be 
significantly associated with the occurrence of MCI in the 
Han Chinese population, but our study did not include all 
relevant SNPs [49]. Therefore, in the future, we need to 
conduct large-scale genetic studies in several populations 
to replicate the results and explore whether different varia-
bles together with genes affect morbidity. Finally, our diag-
nostic criterion for inclusion of MCI patients was Petersen 
criteria. Although this inclusion criterion is more in line 
with the clinical diagnosis, it does not allow for the identi-
fication of categories of MCI due to lack of sensitivity and 
inclusiveness  [50]. In addition, we have not analyzed in 
depth the relationship between MCI subgroups and gene 
polymorphisms. Therefore, in the future, we will make 
further subdivision of MCI in combination with neuropsy-
chological and brain scans.
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